Pigmented, gram-negative rods constitute a large proportion of the aerobic, heterotrophic bacteria isolated from marine sediments (6) (7) (8) (9) . Taxonomic studies of this group have been hindered not only by the overlapping definitions of the genera Flavobacterium and Cytophaga, but also by the relative difficulty of maintaining pigmented bacteria in culture collections (2, 12, 14) . In previous papers, the isolation (9, 10) and some growth characteristics (7, 8) of the pigmented, marine, sedimentary bacterium 5217 were described. This paper is a thorough report of the morphological, cultural, and biochemical properties of strain 5217. Based upon these characteristics, it is proposed that the strain 5217 be designated as Flavobacterium oceanosedimenturn sp. nov.
(Portions of this report were presented at the annual meeting of the American Society for Microbiology, New Orleans, La., 8 to 13 May 1977 [abstr. N86, p. 2431. This work is taken from a Ph.D. thesis to be submitted by C. E.
Carty.)

MATERIALS AND METHODS
Initial isolation, purification procedures, and tentative identification techniques have been previously described (9) . Although other amino acid auxotrophs were isolated, this is the only strain obtained with these unique characteristics (9).
Culture maintenance. The culture is maintained on two media. The fist is an enriched seawater medium containing 0.1% proteose peptone no. 3, 0.1% yeast extract, 0.05% sodium glycerophosphate, and 4% Rila sea salts (Utility Chemical Co., Paterson, N.J.). The second medium (four-salts medium) has the nutrient composition listed above, but the artZicial seawater has been replaced with a defined salts solution consisting of 0.4 M NaC1, 0.01 M CaC12, 0.01 M KC1, and 0.028 M MgS04.7H20. The pH of both media is 7.3 f 0.1.
Gram reaction and motility. Broth cultures were
Gram-stained at various stages of the growth curve; the crystal violet and iodine solutions were made in artificial seawater, but otherwise the standard technique was used (15) . Motility was examined by the hanging-drop technique.
Colonial morphology. The colonial morphology was described after 13 days at 23°C on seawater medium agar.
Gliding motility. The ability to glide on a solid surface was examined. A cover slip was placed over a colony formed on the surface of a seawater medium agar plate, and the edge of the colony was examined by oil immersion light microscopy.
Electron microscopy. A mid-log-phase broth culture was negatively stained with a 2% solution of phosphotungstic acid (pH 7). An electron micrograph was prepared at a magnification of X24, OOO (Siemens pH range. Flasks of seawater medium broth were buffered at pH 4, 5, 6, and 7, using 0.01 M phosphate buffer; at pH 8 and 9, 0.02 M borate buffer was used. Cultures were incubated at 23°C.
Salinity range. Flasks of modified four-salts medium broth were used in these studies. The defined salts solution described above was omitted; sufficient NaCl was added to give final concentrations of 0, 1,2, 3, 4, 5, 6, 7, 8, 9 , and 10% (wt/vol). Cultures were incubated at 23°C and shaken at 125 rpm in a New Brunswick Scientific Psychrotherm.
Ion requirements. Modified four-salts broth media were used in this test; one or all of the constituents of the defined salts solution was omitted from the medium; sodium glycerophosphate was replaced by glycerol. Flasks were inoculated with 1 ml of an earlylog-phase four-salts medium broth culture which had been washed twice with 0.01 M N-Z-hydroxyethyl piperazine-N'-2-ethanesulfonic acid (HEPES) buffer. Cultures were incubated at 4, 15, 23, and 30°C for 45 days.
Carbohydrate reactions. The ability of isolate 5217 to produce acid from sugars was determined by using seawater-containing media and the method of Hugh and Leifson (4). Cultures were incubated at 23°C and examined on a daily basis for 21 days. The carbohydrates tested were: glycerol, arabinose, ribose, xylose, fructose, galactose, glucose, mannose, lactose, and sucrose. Nitrogen requirements. The basal medium used in these tests contained 0.1% yeast extract and 0.05% sodium glycerophosphate in the above-described foursalts medium. To 80 ml of basal medium was added 1
ml of a fdter-sterilized nitrogen solution; the final nitrogen concentration was 0.1 or 0.01% (wt/vol).
Vitamin requirements. The basal medium used in these studies contained 0.1% proteose peptone no. 3-0.05% sodium glycerophosphate in 4% artificial seawater. To 9 ml of basal medium was added l ml of a filter-sterilized cofactor solution; the final concentration of vitamins was approximately 0.001% (wt/vol).
Pigment extraction.
Fermentor-grown seawater medium broth cells harvested at late-log phase were used in these studies. Pigments were extracted by the method of Vaisberg and Schiff (17).
Spectral analysis of pigments. The ultravioletvisible absorption spectrum of the pigment extract was determined in chloroform and hexane on a recording Varian 6348 scanning double-beam spectrophotometer. The molar extinction coefficient was determined by the method of Davies (1).
Chemicals. Throughout these studies analytical
grade or better quality reagents were used.
RESULTS
Morphology.
Small, smooth, concave colonies formed on solid media have entire edges and are bright yellow, opaque, and approximately 1 mm in diameter. Microscopic examination of the edges did not reveal the existence of gliding motility.
The bacterium is a small (0.9 by 1.5 pm), gram-negative rod which is nonmotile. A negatively stained whole-cell preparation of the culture is shown in Fig. l . The photomicrograph confirms the observations made by phase-contrast microscopy regarding the small size of 5217 as well as its lack of flagella and/or gliding strands.
Cultural and physiological characteristics. This isolate is an obligate aerobe that is catalase positive and cytochrome oxidase positive. The latter was tested by both standard methods (15) and API 20E series. It is Kovacs oxidase negative, and it does not contain nitrate reductase, urease, arginine dihydrolase, lysine -decarboxylase, ornithine decarboxylase, or phenylalanine deaminase. 5217 does not hydrolyze casein, gelatin, starch, or Tween 80. It fails to produce indole and H2S and cannot utilize citrate. It is also negative for the Voges-Proskauer and methyl red tests.
In Hugh-Leifson marine media it will grow but does not produce a color change when glycerol, arabinose, ribose, xylose, fructose, galactose, glucose, mannose, lactose, or sucrose is present. In addition, there is growth but no color change in phenol red broth supplemented with glycerol, ribose, glucose, or lactose.
5217 requires the branched-chain amino acids leucine, valine and/or isoleucine for growth, and NH&l cannot substitute even when glycerol, pyruvate, glycerophosphate, arabinose, or glucose is present.
This strain is resistant to seven antibiotics tested: ampicillin, erythromycin, chloramphenicol, 0/129, penicillin, streptomycin, and tetracycline. It is susceptible to polymyxin B.
Deoxyribonucleic acid base composition.
The guanine-plus-cytosine content of 5217 is 67.5 mol% when determined by the method of Ulitzur (16) . Values for control cultures, Escherichia coli, Staphylococcus aureus, and Micro- Growth characteristics. The effect of temperature on the growth of isolate 5217 is shown in Fig. 2 . The minimum growth temperature is 5"C, whereas 35°C is the maximum temperature permitting growth. The optimum growth temperature is 23°C. Figure 3 shows the effect of pH on final cell yield. The pH optimum of 5217 is pH 7.3; this bacterium grows over the range bounded by pH 5.5 and pH 8.1.
The salinity optimum of 5217 is 36%0 S (Fig.  4) . The minimum and maximum salinities tolerated by this organism are 10%0 S and 80% S, respectively. This salinity requirement is not osmotic, as there is a specific requirement for sodium ions (Table 1) . The general nitrogen requirements of 5217 are best satisfied by the addition of proteose peptone no. 3 to the basal medium (Table 2) . However, the specific nitrogen requirement is fulfilled by the addition of the L-isomers of branched-chain amino acids to the medium. Other amino acids, ammonium ions, and nitrate cannot be used as sole sources of nitrogen ( Table  2) . Other compounds may stimulate the growth of this bacterium (Table 3) , but only pyridoxal phosphate and either flavine adenine dinucleotide or riboflavine 5'-phosphate are essential cofactors.
Pigmentation pattern. The absorption spectra in both hexane and chloroform are shown in Fig. 5 . From the crude extract three maxima are detected which occur in a pattern that is characteristic of carotenoids. In hexane, the peak occurs at 445 nm and has distinct inflections at 430 and 470 nm. In chloroform, the curve is shifted 5 nm toward the red end of the light spectrum. The molar extinction coefficient of the crude pigment extract is 2,440.
DISCUSSION
A large proportion of the bacteria isolated from marine and estuarine sediments are chromogenic, gram-negative rods (2, 3, 6, 20-22) . Their identification and classification have been hindered not only by their cultural fastidiousness but also by the confused state of their taxonomy. Indeed, the applications of numerical taxonomy and nucleotide base analysis to the genera Flavobacterium and Cytophaga have emphasized the random and arbitrary manner by which these organisms have been classified (3, 12, 18, 19) . However, assignation of strain 5217 to the genus Flavobacterium is justified on the basis of the following characteristics: lack of hydrolytic enzymes, failure to ferment sugars, oxidative metabolism, and lack of motility. 5217 differs from other members of the genus Flavobacterium group I1 (19) in only two aspects. The first is the nutritional fastidiousness of this organism in requiring L-form branched-chain amino acids or complex protein for growth; this aspect is under investigation. The other major difference concerns the absorption spectrum of the pigment. The crude extract is more similar to those reported for group I species (12). ( -) or in hexane (-----).
zation will be reported separately. It is sufficient to reiterate that the taxonomy of flavobacteria is sufficiently arbitrary that neither of these two differences should be considered as crucial. Accordingly, we propose that organisms currently referred to as isolate 5217 be classified as FZavobacterium oceanosedimentum, (0 ce 8 an o sed.i.men.tum. L. adj. oceano from the sea; L. adj. sedimenturn from the sediment; M.L. fem. adj. oceanosedimentum intended to mean from marine sediments). The type strain is American Type Culture Collection (ATCC) strain 31317.
The marine nature of F. oceanosedimentum is attested to by its absolute requirement for sodium ions for growth (1 1). The specific nature of this requirement is presently unknown, but neither potassium ion nor lithium ion can substitute for the sodium ion requirement. Moreover, the pH optimum (pH 7.3) is near that usually encountered in marine sediments. Despite the slightly elevated (for marine bacteria) optimum temperatpe of 23"C, its temperature limits would allow the organism to survive and grow in marine sediments. Further characterization of the lipids and pigments of F. oceanosedimenturn as well as its unusual nitrogen requirements will be reported separately.
